INTRODUCTION
============

Primary percutaneous coronary intervention (PCI) with stent implantation is considered the standard treatment strategy in patients with acute myocardial infarction (MI) \[[@B1]\]. Compared with bare-metal stents (BMS), drug-eluting stents (DES) decrease late luminal loss and angiographic restenosis by reducing neointimal hyperplasia. Although recent studies have demonstrated that use of DES in acute MI is safe and effective \[[@B2]-[@B4]\], vessel healing at the primary pathological site in patients treated with DES for acute MI is delayed compared with in patients receiving DES for stable angina \[[@B5]\]. However, second-generation DES, such as zotarolimus-eluting stent (ZES), may improve vessel healing and endothelial function as well as biologic compatibility \[[@B6]-[@B8]\].

Chronic kidney disease (CKD) patients are known to be at high risk of developing coronary artery disease, and CKD is significantly associated with increased mortality, MI, and restenosis \[[@B9],[@B10]\]. In these patients, DES has also been shown to be superior to BMS in terms of reduction of clinical and angiographic restenosis \[[@B11],[@B12]\]. There have been many comparative studies of DES \[[@B13]-[@B15]\], but little data are available on the relative effectiveness of particular DES in acute MI patients with CKD. This issue has important implications for the selection of the most effective treatment strategy in these high-risk patients. Hence, the objective of this study was to determine which DES are more effective in acute MI patients with CKD.

METHODS
=======

Korea Acute Myocardial Infarction Registry (KAMIR)
--------------------------------------------------

The KAMIR is a prospective multicenter online registry designed to describe the characteristics and clinical outcomes of Korean patients with acute MI and reflect current patient management practice. The registry included 52 community and university hospitals capable of primary PCI, and data on 13,133 patients with a 12-month clinical follow-up at the time of this study \[[@B16]\]. Data were collected at each site by an experienced study coordinator based on a standardized protocol. The study protocol was approved by the ethics committee of each participating institution.

Study population
----------------

A total of 3,566 acute MI survivors with CKD from the KAMIR who were treated with DES between November 2005 and January 2008 were included: 1,845 patients with sirolimus-eluting stents (SES; Cypher Stent, Cordis Co./Johnson and Johnson, Warren, NJ, USA), 1,356 with paclitaxel-eluting stents (PES; Taxus Express II Stent, Boston Scientific Co., Natick, MA, USA), and 365 with ZES (Endeavor Sprint Stent, Medtronic CardioVascular, Minneapolis, MN, USA). Data were collected for analysis during a 12-month period. CKD was defined as estimated glomerular filtration rate (eGFR) \< 60 mL/min/1.73 m^2^ calculated using the modification of diet in renal disease (MDRD) method \[[@B17]\].

Definitions and clinical endpoints
----------------------------------

Renal function was assessed by eGFR, calculated using the MDRD method \[[@B17]\], based on the serum creatinine level upon admission. Acute MI was defined by clinical signs or symptoms, including increased cardiac biomarkers (creatine kinase-MB, troponin-I, or troponin-T), and 12-lead electrocardiographic findings. ST-segment elevation MI (STEMI) was defined by the presence of new ST-segment elevation of at least 1 mm (0.1 mV) in two or more contiguous leads or new left bundle-branch block on the index electrocardiogram. Left ventricular ejection fraction was checked by two-dimensional echocardiography. Left main (LM) complex lesion was defined as significant stenosis of the LM trunk artery with the presence of other epicardial coronary artery stenosis. The morphology of lesion in coronary angiography was classified using criteria established by the American College of Cardiology/American Heart Association \[[@B18]\]. The degree of coronary flow was classified according to Thrombolysis in MI (TIMI) flow grade \[[@B19]\].

Clinical follow-up was performed at 12 months after the commencement of the study. Major adverse cardiac events (MACE) included all-cause death, MI, and target lesion revascularization (TLR). TLR was defined as a repeat stent implantation at the initial site or within 5 mm proximal or distal to the stent \[[@B3]\].

Statistical analysis
--------------------

All analyses were performed using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). Continuous variables are presented as means ± standard deviation and were analyzed by one-way analysis of variance. Categorical variables are expressed as percentages and were compared using chi-square contingency table tests or Fisher\'s 2 × 2 exact tests. All statistical tests were two-tailed, with statistical significance defined as a *p* \< 0.05. The crude survival curves were constructed using Kaplan-Meier analysis to assess the incidence of outcomes, and log-rank tests were applied to evaluate differences among the treatment groups. Adjusted survival curves were calculated using Cox regression models. To adjust for confounding factors in Cox regression models, we included variables as covariates with a *p* \< 0.1 in univariate regression analysis, as well as other variables that have predicted prognosis of patients with acute MI. Included variables were age ≥ 65 years, male gender, body mass index (BMI), history of hypertension, history of diabetes mellitus, history of hyperlipidemia, history of coronary artery disease, smoking, eGFR \< 30 mL/min/1.73 m^2^, use of cilostazol and glycoprotein (GP) IIb/IIIa inhibitor, LM complex lesion, multivessel disease, type B2/C lesion, achievement of post-TIMI flow \[[@B3]\], stent length ≥ 25 mm, stent diameter ≤ 2.75 mm, total stent number, and STEMI patients. The results are presented as adjusted hazard ratios (HRs) with 95% confidence intervals (CIs).

RESULTS
=======

Baseline clinical and procedural characteristics
------------------------------------------------

A comparison of the clinical characteristics among the three DES groups suggested that age was greater in the PES group, BMI was higher and usage rate of GP IIb/IIIa inhibitor during the procedure lower in the SES group, and usage rate of cilostazol was lower in the ZES group ([Table 1](#T1){ref-type="table"}). A comparison of the procedural characteristics demonstrated that the incidence of LM complex lesion and multivessel disease were higher and the total number of stents was greater in the PES group. Stent length was longer, stent diameter was smaller, and achievement rate of post-procedural TIMI 3 flow was lower in the SES group. The incidence of complex lesions was also higher in the ZES group ([Table 2](#T2){ref-type="table"}).

Twelve-month clinical outcomes
------------------------------

The cumulative MACE rate after 12 months was significantly higher in the ZES group than in the SES group (SES, 10.1%; PES, 12.0%; ZES, 14.8%; *p* = 0.019). All causes of death and MI were similar among the three groups (SES, 3.7%; PES, 4.4%; ZES, 5.2%; *p* = 0.357). The TLR rate was significantly higher in the ZES group than in the SES group (SES, 1.5%; PES, 2.4%; ZES, 3.9%; *p* = 0.002). Kaplan-Meier analysis was used to construct crude survival curves during the 12-month follow-up period and the pair-wise long-rank test results for all comparisons are shown in [Fig. 1](#F1){ref-type="fig"}.

Multivariate analysis
---------------------

In the multivariate analysis, diabetes mellitus, LM complex lesion, multivessel disease, eGFR \< 30 mL/min/1.73 m^2^, and STEMI and use of ZES were identified as independent predictors of 12-month MACE ([Table 3](#T3){ref-type="table"}). In contrast, independent predictors of death after 12 months or MI were age ≥ 65 years, BMI, LM complex lesion, and eGFR \< 30 mL/min/1.73 m^2^ ([Table 4](#T4){ref-type="table"}). The independent predictors of 12-month TLR included use of ZES ([Table 5](#T5){ref-type="table"}). Adjusted survival curves are shown in [Fig. 2](#F2){ref-type="fig"}. The ZES group was associated with a higher incidence of MACE (adjusted HR, 0.623; 95% CI, 0.442 to 0.879; *p* = 0.007) and TLR than the SES group (adjusted HR, 0.350; 95% CI, 0.165 to 0.743; *p* = 0.006). In addition, being in the ZES group was associated with a higher incidence of TLR than in the PES group (adjusted HR for TLR, 0.471; 95% CI, 0.223 to 0.997; *p* = 0.049).

DISCUSSION
==========

This study was designed to compare the 12-month clinical outcomes among ZES, SES, and PES in acute MI patients with CKD. Multivariate analyses and Cox regression models showed that ZES was associated with a higher incidence of MACE than SES, and a higher rate of TLR than SES and PES.

In patients with acute MI, primary PCI with stent implantation is considered to be the gold standard in treatment for acute MI \[[@B1]\]. Although PCI with stent implantation is performed in increasing numbers of patients, in-stent restenosis is an important complication. Studies of patients with acute MI treated with BMS have reported the incidence of repeated revascularization to be about 10% \[[@B2],[@B3]\]. Most suggested that DES was associated with a lower restenosis and TLR rate compared with BMS \[[@B2]-[@B4]\]. The data reported here support the use of DES in acute MI since the TLR rate for all types of DES was 2.1%.

CKD patients are known to be a high-risk population for coronary artery disease. Cardiovascular events, especially related to coronary artery disease, remain the main cause of mortality among patients with CKD \[[@B9],[@B10]\]. Furthermore, the presence of CKD increases the risk of mortality after PCI even before end-stage renal disease and dialysis dependency have developed \[[@B20]\]. In support of this, an eGFR \< 30 mL/min/1.73 m^2^ in the current study was a significant independent predictor of MACE, MI, or death after 12 months.

A concern following DES implantation in acute MI patients is that vessel healing at the primary pathological site is delayed compared with in stable angina patients, which results in an increased risk of thrombotic complications \[[@B5]\]. ZES, which is second-generation DES and is based on a different type of polymer, is closer to BMS than first-generation DES. ZES implantation is associated with less inflammation and greater endothelialization \[[@B8]\], and preserved endothelial vasomotor response compared with first-generation DES \[[@B7]\]. The clinical outcomes of ZES treatment in acute MI patients are not significantly different than those of first-generation DES \[[@B21]-[@B23]\], and the use of ZES results in a lower risk of stent thrombosis \[[@B21]\]. In patients with CKD, DES significantly reduces clinical, angiographic restenosis compared with BMS \[[@B11],[@B12]\], but there is no data comparing the different types of DES. In this study, we have determined that ZES promotes vessel healing and endothelial function compared to first-generation DES in acute MI. However, excessive neointimal proliferation might increase the TLR rate of ZES patients compared with first-generation DES. When taken together, particularly in acute MI patients who have CKD as comorbid disease, the disadvantages of ZES may outweigh the advantages. In fact, the present data demonstrate that the higher incidence of MACE in the ZES group, as compared with the SES and PES groups, is due mainly to a higher incidence of TLR and not to death or MI. However, TLR rates were around 2% and much lower than before, even though ZES was statistically inferior to the other stents in terms of TLR. Thus, the biological applicability of this result remains to be established.

Limitations
-----------

This is the first study based on observational registry data. We used Cox regression analysis to correct for confounding factors, but the results may be influenced by the nonrandomized assignment. Additionally, this registry does not record information concerning hemodialysis, so it was not possible to separate hemodialysis from non-hemodialysis patients. Recent studies have also shown that DES may be associated with increased rates of stent thrombosis, as compared with BMS \[[@B24],[@B25]\]. Unfortunately, in this registry, data concerning the rates of stent thrombosis were not available. As a consequence, it was not possible to assess one of the most important safety markers. Finally, we compared both first- and second-generation DES. However, the ZES in this study was not the Endeavor Resolute Stent (Medtronic Vascular) but the Endeavor Sprint Stent (Medtronic Vascular). Since some studies have already demonstrated that new-generation DES might be safer and more effective than earlier-generation types, further evaluations of new-generation DES are urgently needed.

In conclusion, our data suggest that ZES is inferior to SES and PES in terms of 12-month TLR, and has a higher incidence of MACE. The latter is due mainly to the higher TLR rate compared with SES in acute MI patients with CKD.
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![Unadjusted 12-month Kaplan-Meier survival analysis stratified according to stent type. (A) The composite of major adverse cardiac events (MACEs), including all-cause of deaths, myocardial infarction (MI), and target lesion revascularization (TLR). (B) The composite of death or MI. (C) TLR. PES, paclitaxel-eluting stent; SES, sirolimus-eluting stent; ZES, zotarolimus-eluting stent.](kjim-27-397-g001){#F1}

![Adjusted 12-month Kaplan-Meier survival analysis stratified according to stent type. (A) The composite of major adverse cardiac events (MACEs), including all-cause of deaths, myocardial infarction (MI), and target lesion revascularization (TLR). (B) The composite of death or MI. (C) TLR. CI, confidence interval; HR, hazard ratio; PES, paclitaxel-eluting stent; SES, sirolimus-eluting stent; ZES, zotarolimus-eluting stent.](kjim-27-397-g002){#F2}

###### 

Baseline clinical characteristics

![](kjim-27-397-i001)

Values are presented as mean ± SD or number (%).

SES, sirolimus-eluting stent; PES, paclitaxel-eluting stent; ZES, zotarolimus-eluting stent; BMI, body mass index; CAD, coronary artery disease; HF, heart failure; EF, ejection fraction; eGFR, estimated glomerular filtration rate; GP, glycoprotein; ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker.

^a^Medication at discharge.

###### 

Coronary angiographic and procedural characteristics

![](kjim-27-397-i002)

Values are presented as number (%) or mean ± SD.

SES, sirolimus-eluting stent; PES, paclitaxel-eluting stent; ZES, zotarolimus-eluting stent; TIMI, Thrombolysis in Myocardial Infarction; STEMI, ST-segment elevation myocardial infarction.

^a^Type B2/C, the morphology of lesion in coronary angiography was classified according to the criteria of The American College of Cardiology/American Heart Association.

^b^Classified according to the TIMI flow grade.

###### 

Univariate and multivariate analyses of variables associated with major adverse cardiac events

![](kjim-27-397-i003)

HR, hazard ratio; CI, confidence interval; BMI, body mass index; CAD, coronary artery disease; eGFR, estimated glomerular filtration rate; GP, glycoprotein; TIMI, Thrombolysis in Myocardial Infarction; STEMI, ST-segment elevation myocardial infarction; SES, sirolimus-eluting stent; PES, paclitaxel-eluting stent; ZES, zotarolimus-eluting stent.

^a^Type B2/C, the morphology of lesion in coronary angiography was classified according to the criteria of The American College of Cardiology/American Heart Association.

^b^Classified according to the TIMI flow grade.

###### 

Univariate and multivariate analyses of variables associated with death and myocardial infarction

![](kjim-27-397-i004)

HR, hazard ratio; CI, confidence interval; BMI, body mass index; CAD, coronary artery disease; eGFR, estimated glomerular filtration rate; GP, glycoprotein; TIMI, Thrombolysis in Myocardial Infarction; STEMI, ST-segment elevation myocardial infarction; SES, sirolimus-eluting stent; PES, paclitaxel-eluting stent; ZES, zotarolimus-eluting stent.

^a^Type B2/C, the morphology of lesion in coronary angiography was classified according to the criteria of The American College of Cardiology/American Heart Association.

^b^Classified according to the TIMI flow grade.

###### 

Univariate and multivariate analyses of variables associated with target lesion revascularization

![](kjim-27-397-i005)

HR, hazard ratio; CI, confidence interval; BMI, body mass index; CAD, coronary artery disease; eGFR, estimated glomerular filtration rate; GP, glycoprotein; TIMI, Thrombolysis in Myocardial Infarction; STEMI, ST-segment elevation myocardial infarction; SES, sirolimus-eluting stent; PES, paclitaxel-eluting stent; ZES, zotarolimus-eluting stent.

^a^Type B2/C, the morphology of lesion in coronary angiography was classified according to the criteria of The American College of Cardiology/American Heart Association.

^b^Classified according to the TIMI flow grade.
